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Abstract

 

Thymic size and density were studied in 23 untreated pa-
tients with Graves’ disease and 38 control subjects using
computed tomography. Both thymic size and density were
higher in untreated patients with Graves’ disease than in
control subjects in the age-matched group. After treatment
with antithyroid drugs, both thymic size and density were
significantly reduced, with a concomitant decrease in thy-
rotropin receptor antibodies. PCR of human thymic cDNA
using primers for human thyrotropin receptor amplified a
fragment in a size expected for the receptor, and its nucle-
otide sequence was identical to human thyrotropin receptor
cDNA in the thyroid. Northern blot analysis of human thy-
mic poly(A)

 

1

 

 RNA demonstrated the presence of the full
length form of thyrotropin receptor mRNA. Western blot
analysis of human thymic membrane using anti–thyrotro-
pin receptor peptide antibodies demonstrated a band of

 

z

 

 100 kD that was also observed in the thyroid membrane.
Immunohistochemistry of thymic tissue using mouse anti–
human thyrotropin receptor monoclonal antibodies demon-
strated the immunostaining of epithelial cells. These results
indicate that thymic hyperplasia is apparently associated
with Graves’ disease and suggest that thymic thyrotropin
receptor may act as an autoantigen that may be involved in
the pathophysiology of development of Graves’ disease. (

 

J.
Clin. Invest.

 

 1996. 98:2228–2234.)
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Introduction

 

Graves’ disease results from the development of antibodies for
the thyrotropin (TSH)

 

1

 

 receptor that stimulate thyroid func-
tions and cause thyroid enlargement (1, 2). By analogy with
antireceptor antibodies in Graves’ disease, antibodies for the
nicotinic acetylcholine receptor exist in patients with myasthe-

nia gravis, in which the thymus plays a pivotal role in the
pathogenesis, and thymectomy is frequently found to improve
clinical manifestations (3). It is noteworthy that the acetylcho-
line receptor is present not only at the neuromuscular junction,
but in the thymus (4–10). The thymic acetylcholine receptor
has been suggested to be involved in initiating or perpetuating
the autoimmune response (3) and in developing thymic hyper-
plasia or thymoma in myasthenia gravis (4). However, limited
information has been available concerning the pathophysio-
logical roles of the thymus in Graves’ disease.

In old literature, a hyperplastic thymus was suggested to
play an etiological role in Graves’ disease (11), and thymic en-
largement was reported in patients with Graves’ disease (12).
Thymic enlargement has also been demonstrated as a medias-
tinal tumor in some cases with Graves’ disease (13–15). Histo-
logical examination of the thymus of patients with Graves’ dis-
ease shows a thymic medullary lymphoid follicle formation
with active germinal centers (16), which has been described in
only two other clinical settings, myasthenia gravis and systemic
lupus erythematosus (3).

Since computed tomography (CT) has reportedly been use-
ful in evaluating the thymus (17), we employed CT scan in the
present study to determine the size and density of the thymus
in Graves’ patients before and after treatment with antithyroid
drugs. In addition, an attempt was made to identify TSH re-
ceptors in human thymus. The results described here show the
significant hyperplasia of the thymus in Graves’ patients and
demonstrate the possible existence of TSH receptors in human
thymus.

 

Methods

 

Measurement of thymic size and CT attenuation values. 

 

Because it has
been reported that the size and density of the normal thymus decrease
with increasing age (17), the ages of patients with Graves’ disease and
normal control subjects were classified into four groups (20–29, 30–
39, 40–49, and 50–59). Patients with Graves’ disease were diagnosed
based on clinical hyperthyroidism showing increased thyroid hor-
mone levels, suppressed TSH levels, positive TSH-receptor antibod-
ies (TRAb), and increased 

 

123

 

I thyroidal uptake. CT scans were per-
formed on 23 untreated patients with Graves’ disease and 38 normal
control subjects, using rotate–rotate system CT (SCT-5000T; Shi-
mazu Corp., Kyoto, Japan). None of the control subjects had a his-
tory of thyroid disease. All scans were obtained in inspiration at 0.5-
or 1-cm intervals. Thymic size and density were measured at the level
where the thymus appears most prominently, usually at the level of
the bifurcation of the trachea. The thymus was shown at a setting of
level 30 and width 750, and the border of the thymus was traced by
the cursor. Thymic size was then measured as an area (mm

 

2

 

), and thy-
mic density was measured as averaged CT attenuation value (Houns-
field Unit, HU) using SCT-5000T. A CT scan of the thymus was per-
formed in 13 patients whose values could be monitored before and
after treatment with methimazole or propylthiouracil for 5 to 24 mo.
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Thymic size and CT attenuation values were compared at the same
level in those patients before and after treatment.

 

Measurement of free T4, free T3, TSH, and TRAb.

 

Serum free T4,
free T3, and TSH were measured by EIA kit (DAINABOT, Tokyo,
Japan). TRAb was measured by a radioreceptor assay kit (Cosmic
Corp., Tokyo, Japan).

 

Preparation of RNA.

 

Thyroid tissue was obtained at the time of
thyroidectomy from a patient with Graves’ disease. Histologically ex-
amined nonneoplastic thymic tissues were obtained at the time of sur-
gery from three patients with thymoma and a patient with lung carci-
noma. Total RNA was isolated from thyroid and thymic tissues by the
modified acid guanidinium thiocyanate-phenol-chloroform method
according to Chomczynski and Sacchi (18). Normal human thymus
total RNA was also obtained from Clontech (Palo Alto, CA).

 

PCR amplification of the TSH receptor and sequence analysis.

 

Single strand cDNA synthesis was performed on 1 

 

m

 

g of total RNA
using a First-Strand cDNA Synthesis kit (Pharmacia LKB Biotech-
nology, Tokyo, Japan). For PCR, the synthesized sense and antisense
primers for human TSH receptor were AGAAATAGCCCCGAG-
TCCCGTGGA (nucleotides 

 

2

 

26–

 

2

 

3) and GGTTTCATTGCATAG-
TCCCT (518–537) (19, 20). One tenth of the reverse transcription re-
action or 1 ng of normal human thymus cDNA (Clontech) was
amplified in 100 

 

m

 

l of PCR buffer (TAKARA SHUZO, Otsu, Japan)
containing 50 pmol of each oligonucleotide primer. 1 U Taq DNA
polymerase (TAKARA SHUZO) was added after the first denatur-
ation (5 min at 95

 

8

 

C). Samples were then subjected to 40 cycles con-
sisting of 2 min at 94

 

8

 

C, 2 min at 55

 

8

 

C, and 3 min at 72

 

8

 

C. The last ex-
tension was carried out for 15 min. The reaction products were
analyzed by 1% agarose gel electrophoresis, and the resulting bands
were visualized by ethidium bromide staining. In some experiments,
the electrophoretically separated PCR products were denatured in
denaturing solution (1.5 M NaOH, 0.5 M NaCl) for 15 min, and trans-
ferred onto a nylon membrane (Hybond N

 

1

 

; Amersham Life Science,
Tokyo, Japan) overnight in 0.4 M NaOH. The filter was prehybrid-
ized with a hybridization buffer (50% formamide, 5% dextran sul-
fate, 50 mM Hepes, 5

 

3

 

 SSC: 150 mM sodium chloride and 15 mM tri-
sodium citrate, 2

 

3

 

 Denharts’ solution and 20 

 

m

 

g/ml denatured
salmon sperm DNA) at 42

 

8

 

C for 2 h. Subsequently, the filter was hy-
bridized overnight at 42

 

8

 

C with a human TSH-receptor cDNA probe
(kindly provided by Dr. Gilbert Vassart, reference 19) labeled with
[

 

a

 

-

 

32

 

P]dCTP by random priming method (Pharmacia LKB Biotech-
nology). The filter was washed twice in 2

 

3

 

 SSC, 0.1% SDS at 25

 

8

 

C
for 10 min, and twice in 0.1

 

3

 

 SSC, 0.1% SDS at 55

 

8

 

C for 1 h. Autora-
diography was attained by exposing the filter for 6 h to x-ray film
(Kodak XAR-2; Eastman Kodak Co., Rochester, NY) at 

 

2

 

70

 

8

 

C with
an intensifying screen.

The cDNA fragment of the TSH receptor amplified by PCR was
cloned into pCR

 

TM

 

II (Invitrogen Corp., San Diego, CA) and a clone
possessing the insert was sequenced using the Sequenase 2.0 kit
(United States Biochemical, Cleveland, OH).

 

Northern blot analysis of TSH-receptor mRNA. 

 

Poly(A)

 

1

 

 RNA
was isolated using oligo-dT Dynabeads (Dynal, Tokyo, Japan) ac-
cording to the manufacturer’s instructions. 1 

 

m

 

g of poly(A)

 

1

 

 RNA
was electrophoresed on a 1.2% agarose gel containing 2 M formalde-
hyde and transferred overnight in 20

 

3

 

 SSC to a nylon membrane
(Biodyne; Pall BioSupport Corp., East Hills, NY). Poly(A)

 

1

 

 RNA
was cross-linked to the nylon with an ultraviolet Stratalinker. The fil-
ter was prehybridized with a hybridization buffer (50% formamide,
0.2% SDS, 5% dextran sulfate, 50 mM Hepes, 5

 

3

 

 SSC, 5

 

3

 

 Denharts’
solution, and 250 

 

m

 

g/ml denatured salmon sperm DNA) at 65

 

8

 

C for 2 h.
Subsequently, the filter was hybridized overnight at 65

 

8

 

C with a la-
beled human TSH-receptor cRNA probe that was synthesized by in
vitro transcription of Xba I linearized pGEM 11zf/human TSH recep-
tor using T7 polymerase and [

 

g

 

-

 

32

 

P]UTP. The filter was washed twice
in 2

 

3

 

 SSC, 0.1% SDS at 25

 

8

 

C for 10 min, and twice in 0.1

 

3

 

 SSC,
0.1% SDS at 65

 

8

 

C for 1 h. Autoradiography was attained by exposing
the filter for 24 h to x-ray film (Kodak XAR-2) at 

 

2

 

70

 

8

 

C with an in-
tensifying screen.

 

Western blot analysis of TSH receptors. 

 

Western blot analysis of
TSH receptors was performed as previously described (21), with mi-
nor modifications. Rabbit polyclonal antibodies against human thy-
rotropin receptor peptide (amino acid 32–56) (21, 22) were purified
by affinity column chromatography using TSH-receptor peptide
(amino acid 32–56) coupled with 2-fluoro-1-methylpyridinium tolu-
ene-4-sulfonate activated cellulofine (SEIKAKAGU Corp., Tokyo,
Japan). Thyroid tissue from a patient with Graves’ disease and non-
neoplastic thymic tissue from a patient with thymoma were homoge-
nized using Polytron

 

TM

 

 in 5 vol of homogenizing buffer (10 mM Tris-
HCl, 5 mM NaCl, 1 mM EDTA, 1 mM PMSF, 20% glycerol, pH 7.4).
After centrifugation at 500 

 

g

 

 at 4

 

8

 

C for 10 min, resultant supernatant
was centrifuged at 100,000 

 

g

 

 at 4

 

8

 

C for 1 h. Precipitated membrane
fraction was resuspended in homogenizing buffer. 100 

 

m

 

g of the mem-
brane fraction in 10 

 

m

 

l was mixed with an equal volume of sample
buffer (62.5 mM Tris-HCl, 10% glycerol, 2% SDS, 5% 2-mercapto-
ethanol), boiled at 93

 

8

 

C for 5 min, and electrophoresed using a 7.5%
running gel for 1 h at constant 35 mA. The separated proteins were
transferred onto a polyvinylidene difluoride membrane (Biodyne) for
3 h at 80 V on ice. The filter was washed with TBS buffer (50 mM
Tris-HCl, 0.2 M NaCl, pH 7.5) and incubated in TBS buffer contain-
ing 5% skim milk at 4

 

8

 

C overnight. The filter was washed with TBS
buffer and incubated with 0.01 mg/ml purified TSH-receptor peptide
(amino acid 32–56) antibodies in TBS buffer containing 1% skim
milk at 25

 

8

 

C for 2 h. After washing with TBS buffer containing 0.05%
Tween 20 for 20 min three times, the filter was incubated with goat
anti–rabbit IgG horseradish peroxidase conjugate (Amersham Life
Science) in 1% skim milk in TBS buffer at 25

 

8

 

C for 1 h. The filter was
washed with TBS buffer containing 0.05% Tween 20 for 20 min three
times, the proteins were detected using an ECL kit (Amersham Life
Science). Autoradiography was attained by exposing the filter for 1 min
to Hyperfilm ECL (Amersham Life Science).

 

Table I. Comparison of Thymic Size (mm

 

2

 

) between Untreated 
Patients with Graves’ Disease and Control Subjects in Four 
Age Groups

 

Patients with Graves’ disease Control subjects

Age group

 

n

 

Mean SD

 

n

 

Mean SD

 

20–29 7 977.9 276.2 7 219.9 181.3

 

P

 

 , 

 

0.01
30–39 6 981.8 352.7 10 183.3 90.6

 

P

 

 , 

 

0.01
40–49 5 751.0 293.0 13 176.0 95.2

 

P

 

 , 

 

0.05
50–59 5 630.4 428.0 8 142.8 57.8

 

P

 

 , 

 

0.01

Thymic size was measured by means of computed tomography as de-
scribed in Methods.

 

Table II. Comparison of Mean Thymic CT Attenuation Values 
(HU) between Untreated Patients with Graves’ Disease and 
Control Subjects in Four Age Groups

 

Patients with Graves’ 
disease Control subjects

Age group

 

n

 

Mean SD

 

n

 

Mean SD

 

20–29 7 24.0 41.7 7

 

2

 

24.0 39.0

 

P

 

 , 

 

0.05
30–39 6 34.5 16.6 10

 

2

 

38.6 26.6

 

P

 

 , 

 

0.001
40–49 5

 

2

 

31.1 51.9 13

 

2

 

69.1 17.1

 

P

 

 , 

 

0.05
50–59 5

 

2

 

31.3 12.0 8

 

2

 

83.8 29.9

 

P

 

 , 

 

0.01

Mean thymic CT attenuation value was measured as described in Methods.
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Immunohistochemistry of TSH receptors. 

 

Immunohistochemical
studies using mouse mAb were performed as previously described
(23), with minor modifications. Briefly, the frozen sections of surgi-
cally resected thyroid and nonneoplastic thymic tissues were fixed in
cold acetone for 10 min. After incubation with 0.3% H

 

2

 

O

 

2

 

-methanol
solution and 10% normal goat serum for 30 min each to block non-
specific staining, they were reacted with mouse anti–human TSH-
receptor mAb (1:250; TRANSBIO, Boulogne, France), which recog-
nize amino acids 604–764 of human TSH receptor (24), overnight at
4

 

8

 

C, and visualized by a biotin-streptavidin–amplified immunoperoxi-
dase kit (Histofine; Nichirei, Tokyo, Japan). 3,3

 

9

 

-Diaminobenzidine
was used as a chromogen. Subsequently, the sections were lightly
counterstained by hematoxylin. For thymic tissue, the adjacent sec-
tions were immunostained by antibodies against cytokeratin AE1/
AE3 (Boehringer Mannheim, Mannheim, Germany). The negative
control sections were covered with normal goat serum (diluent of the
primary antibody) instead of the primary antibody.

 

Statistics. 

 

Results are expressed as mean

 

6

 

SD. Statistical differ-
ences were calculated by Student’s 

 

t

 

 test or paired 

 

t

 

 test.

 

Results

 

Thymic size and CT attenuation values in untreated patients
with Graves’ disease and control subjects. 

 

Table I summarizes
the comparison of thymic size in untreated patients with
Graves’ disease and control subjects who were divided into
four age-matched groups. In both Graves’ patients and control
subjects, thymic size decreased with increasing age. Thymic
size was greater in untreated patients with Graves’ disease
than in control subjects in all age groups. Table II summarizes

Figure 1. Changes in 
the size (A) and mean 
CT attenuation value 
(B) of the thymus in pa-
tients with Graves’ dis-
ease during treatment 
with antithyroid drugs. 
All the treated patients 
exhibited euthyroid 
state, and decreased 
TRAb (38.1617.5% 
before and 5.265.8% 
after treatment, P , 
0.001). Thymic size and 
mean CT attenuation 
values were measured 
as described in Meth-
ods. Closed circles rep-
resent individual cases 
and open circles repre-
sent mean values be-
fore and after treat-
ment. Error bars 
indicate SD.

Figure 2. Representative CT scans of the thymus of a control subject 
(A), and untreated (B) and treated (C) state of a patient with Graves’ 
disease. The control subject was a 30-yr-old female, and the patient with 
Graves’ disease was a 30-yr-old female treated with methimazole for 1 yr.
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the comparison of thymic CT attenuation values in untreated
patients with Graves’ disease and control subjects. Thymic CT
attenuation values also decreased with increasing age, and thy-
mic CT attenuation values were greater in Graves’ patients
than in control subjects in all age groups.

 

Changes in thymic size and density during antithyroid drug
therapy. 

 

The changes in thymic size and CT attenuation val-
ues were studied in 13 patients with Graves’ disease before
and after treatment with antithyroid drugs for 5 to 24 mo. Af-
ter treatment, all patients exhibited euthyroid state, and TRAb
significantly decreased (38.1

 

6

 

17.5% before and 5.2

 

6

 

5.8% af-
ter treatment, 

 

P

 

 

 

,

 

 0.001, by paired 

 

t

 

 test). As shown in Fig. 1

 

A

 

, thymic size significantly decreased after treatment (852

 

6

 

245 mm

 

2

 

 before and 402

 

6

 

280 mm

 

2

 

 after treatment, 

 

P , 0.001,
by paired t test). The values of thymic CT attenuation also sig-
nificantly decreased after treatment (9.1650.7 HU before and

235.5636.3 HU after treatment, P , 0.01, by paired t test), as
shown in Fig. 1 B. Fig. 2 A shows a representative CT scan of
the thymus in a 30-yr-old female control subject. Fig. 2 B
shows the thymus in a 30-yr-old woman with untreated
Graves’ disease, and Fig. 2 C shows the thymus in the same pa-
tient after 1 yr of treatment with methimazole. The obvious
decreases in thymic size and density after treatment were dem-
onstrated.

PCR amplification and Northern and Western blot analyses
of TSH receptors in thyroid and thymic tissues. PCR of normal
human thymus cDNA demonstrated a single amplified DNA
fragment of 563 bp, which corresponds to the size expected for
the human TSH receptor, as shown in Fig. 3 A, lane 1. South-
ern blot analysis of PCR-amplified product using labeled hu-
man TSH receptor cDNA demonstrated a single band of 563
bp, as shown in Fig. 3 A, lane 2. The nucleotide sequence of
the amplified product was identical to the cDNA for the hu-
man TSH receptor in the thyroid. Reverse transcription PCR
of thyroid RNA demonstrated a single amplified DNA frag-
ment of 563 bp, which corresponds to the expected size of the
DNA, as shown in Fig. 3 B, lane 1. The same DNA fragment
was amplified in reverse transcription PCR of RNA from non-
neoplastic thymic tissues from two patients with thymoma as
shown in Fig. 3 B, lanes 2 and 3, although the amount of the
amplified product was relatively less than that of the thyroid.
As a contamination control, total RNA that was treated in an
identical manner except for the substitution of water for re-
verse transcriptase showed no band (data not shown). The
possibility of contamination of genomic DNA could be ruled
out in this study because of the presence of five introns be-
tween the oligonucleotide primers (25) and because the con-
tamination control showed no amplified product.

Figure 3. (A) PCR am-
plification of human 
thymus cDNA using 
oligonucleotide prim-
ers specific for human 
TSH receptor. Ethid-
ium bromide staining 
(lane 1) and Southern 
blot analysis using 
cDNA probe for hu-
man TSH receptor 
(lane 2) are shown. 
Normal human thymus 
cDNA was obtained 
from Clontech Labora-
tories, and 1 ng of 
cDNA was used for 
PCR. (B) Reverse tran-
scription PCR of thy-
roid (lane 1) and thy-
mus (lanes 2 and 3) 
RNA using oligonucle-
otide primers specific 
for human TSH recep-
tor. Thyroid tissue was 
obtained from a pa-
tient with Graves’ dis-
ease, and nonneoplas-
tic thymic tissues were 
obtained from patients 
with thymoma. 1 mg of 
total RNA was used for 
reverse transcription, 
and one tenth of the re-
verse transcription re-
action was used for 
PCR. (C) Northern blot 
analysis of thyroid (lane 
1) and thymus (lanes 2 
and 3) poly(A)1 RNA 
using cRNA probe for 
human TSH receptor. 
Thyroid RNA was ob-

tained from a patient with Graves’ disease, and thymus RNA was ob-
tained from Clontech Laboratories (lane 2) and a patient with lung 
carcinoma (lane 3). 1 mg of poly(A)1 RNA was used for Northern 
blot analysis. Analyses were performed as described in Methods.

Figure 4. Western blot analysis 
of TSH receptors in thyroid and 
thymic tissue. Thyroid tissue was 
obtained from a patient with 
Graves’ disease and nonneoplas-
tic thymic tissue was obtained 
from a patient with thymoma. 
Western blotting using anti–
human TSH receptor peptide 
antibodies demonstrated an ap-
parent band of z 100 kD in both 
thyroid (lane 1) and thymic (lane 
2) tissue. Analyses were per-
formed as described in Methods.
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Figure 5. Immunohistochemistry of TSH receptors in thyroid and nonneoplastic thymic tissue using mouse anti–human TSH-receptor mAb. 
Thyroid tissue was obtained from a patient with Graves’ disease and nonneoplastic thymic tissue was obtained from a patient with thymoma. (A) 
Immunohistochemistry of the thyroid gland (2003). Follicular epithelial cells were stained by mouse anti–human TSH-receptor mAb. (B and C) 
Immunohistochemistry of the medulla of the thymus (4003). The Hassall’s corpuscles and their surrounding epithelial cells were immunostained 
by mouse anti–human TSH receptor mAb. (D) Immunohistochemistry of the cortex of the thymus (4003). Cells with ramified processes were 
immunostained by mouse anti–human TSH-receptor mAb. Immunohistochemistry was performed as described in Methods.
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Northern blot analysis of thyroid poly(A)1 RNA using the
cRNA probe for human TSH receptor revealed three major
bands of z 4.3, 1.7, and 1.3 kb, as shown in Fig. 3 C, lane 1, as
has been reported previously (26). A band of 4.3 kb, corre-
sponding to the full length form of human TSH receptor
mRNA, was detected in thymic poly(A)1 RNA from Clontech
Laboratories and from a patient with lung carcinoma, as
shown in Fig. 3 C, lanes 2 and 3, respectively.

Western blot analysis of thyroid and thymic tissues using
purified anti–TSH-receptor peptide (amino acid 32–56) anti-
bodies demonstrated an apparent band of z 100 kD in both
tissues (Fig. 4, lanes 1 and 2, respectively). In both tisssues, a
band of 50–55 kD, presumably degraded forms of the TSH re-
ceptor (27, 28), was also observed.

Immunohistochemistry of TSH receptors. Immunohistochem-
istry of thyroid and thymic tissues using mouse anti–human
TSH-receptor mAb, which has been verified to be suitable for
immunohistochemical study of the TSH receptor (24), is
shown in Fig. 5. In thyroid tissue, follicular epithelial cells were
immunostained by mouse anti–human TSH receptor mAb as
reported previously (24), as shown in Fig. 5 A. In nonneoplas-
tic thymic tissue, the Hassall’s corpuscles and their surround-
ing epithelial cells were significantly immunostained, as shown
in Fig. 5, B and C. Process-bearing cells with meshwork ar-
rangement, putative epithelial cells, were also stained as shown
in Fig. 5 D. The same cells were also immunostained by anti-
bodies against cytokeratin, a marker of epithelial cells, in the
adjacent sections (data not shown). In contrast, the thymocytes
were not immunostained in these sections. No positive reac-
tion was demonstrated in the negative control sections.

Discussion

The present study demonstrates that thymic size and CT atten-
uation values significantly increased in untreated patients with
Graves’ disease in comparison with control subjects in all age
groups examined. Thymic size and CT attenuation values sig-
nificantly decreased after treatment with antithyroid drugs,
with a concomitant decrease in thyrotropin receptor antibod-
ies. The increase in thymic size in untreated patients with
Graves’ disease is in general agreement with the past observa-
tions showing thymic enlargement in patients with Graves’ dis-
ease by means of pneumomediastinography (12). The precise
CT scan results showing the increase in the thymic size and
density in untreated patients with Graves’ disease suggest that
a thymic hyperplasia is highly associated with Graves’ disease,
presumably reflecting a thymic medullary lymphoid–follicle
formation (16). The decrease in thymic size and density by
treatment with antithyroid drugs could be produced, at least in
part, by an indirect action by lowering circulating thyroid hor-
mone levels, since it has been reported that exogenous thyroid
hormone administration to experimental animals resulted in
enlargement of both cortical and medullary components of the
thymus (29, 30), while thyroidectomy induced a reduction of
thymic size (31). It has also been suggested that antithyroid
drugs not only cause a block of thyroid hormone synthesis, but
also have immunosuppressive effects, including lowering TSH-
receptor antibody levels (32). Thus, antithyroid drugs might
also induce thymic atrophy by mechanisms related to their im-
munosuppressive effects. These possible mechanisms by which
antithyroid drugs decrease the size and density of the thymus
remain to be elucidated.

In the present study, TSH receptors were clearly demon-
strated in nonneoplastic thymic tissues by PCR amplification,
Northern and Western blot analysis, and immunohistochemis-
try. PCR amplified a TSH receptor fragment, and the nucle-
otide sequence of its PCR-amplified product was identical to
the human TSH receptor existing in the thyroid gland. North-
ern blot analysis demonstrated thymic mRNA for the TSH re-
ceptor in a size identical to the full length form of the receptor.
To our knowledge, the present report is the first demonstra-
tion by Northern blot analysis of the full length form of TSH-
receptor transcripts in human tissues other than the thyroid
gland. Smaller bands corresponding to the truncated forms of
TSH receptor were not detected in thymic tissue, while they
were clearly demonstrated in thyroid tissue. Since the TSH re-
ceptor message level in thymic tissue was less than that of thy-
roid tissue, the failure of demonstrating smaller bands in thy-
mic tissue may result from the sensitivity of Northern blot
analysis in this study. Western blot analysis of thyroid and thy-
mic tissues using anti–human TSH receptor peptide antibodies
demonstrated the protein, presumably the TSH receptor, with
a molecular weight of z 100 kD in both tissues. Its molecular
weight is in general agreement with that of human TSH recep-
tor proteins reported by other investigators (27, 28). TSH re-
ceptors were demonstrated in follicular epithelial cells in the
thyroid by immunohistochemistry using mouse anti–human
TSH-receptor mAb, which confirmed the previous observa-
tion using the same mAb (24). Immunohistochemistry of thy-
mic tissue using the mouse anti–human TSH-receptor mAb
also demonstrated the presence of immunostained cells in the
thymus in the present study. The positive reaction was re-
vealed, at least on a population of the epithelial cells, which
was confirmed by immunostaining using antibodies against cy-
tokeratin. These results suggest that TSH receptors are ex-
pressed in the epithelial cells of human thymus. The primary
antibody used in this study has not been suitable on formalin-
fixed, paraffin-embedded tissue sections (data not shown), that
generally give fine morphology. Our immunohistochemical
study was therefore restricted on frozen sections of a surgically
resected thyroid and thymic tissue, as reported previously (24).
Since detailed analyses could not be performed in this study,
the possibility of the presence of TSH receptors in other thy-
mic stromal cells, such as dendritic cells, was not totally ex-
cluded. The mouse anti–human TSH-receptor mAb did not
stain thymocytes in the present study. However, it has been re-
ported that immunoglobulins of a patient with Graves’ disease
who had thymus enlargement bound thymocytes and caused
thymocyte proliferation (33), which might indicate the pres-
ence of TSH receptors in thymocytes. It is therefore possible
that the failure to demonstrate the presence of TSH-receptor
protein in thymocytes may have resulted from the sensitivity
or the characteristics of the antibody used in this study.

The nicotinic acetylcholine receptor has been demon-
strated not only at the neuromuscular junctions, but in thymic
tissues (4–10). Thymic acetylcholine receptor has been sug-
gested to be involved in developing thymic hyperplasia or thy-
moma in myasthenia gravis (4). By analogy with thymic acetyl-
choline receptor, thymic TSH receptor may also be suggested
to participate in developing thymic hyperplasia in patients with
Graves’ disease, as demonstrated in the present study. In addi-
tion, thymic acetylcholine receptor has been postulated to be
responsible for the initiation or perpetuation of the autoim-
mune response (3–5), and has been suggested to be involved in
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the aberrant positive selection of the T cell repertoire that con-
tributes to the development of autoreactive T cells in myasthe-
nia gravis (8). In view of these observations, it is of interest to
speculate that TSH receptors in thymic epithelial cells may
also be involved in the initiation or perpetuation of the auto-
immune response, and in the selection of the T cell repertoire
that may contribute to the development of autoreactive T cells
in Graves’ disease. To support this hypothesis, it must be eluci-
dated whether TSH receptor–reactive T cells are present in
the thymus in patients with Graves’ disease in further studies.

The present study opens a novel perspective on investiga-
tion of the relationship between thymic hyperplasia and the
pathogenesis of Graves’ disease.
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